This study examined the short run and long run dynamic relationship between economic growth and environmental pollution in Brunei. We adoptedAuto Regressive Distributed Lag (ARDL) model to scrutinize the existence of the Environmental Kuznets Curve (EKC) among the studying variables by using time series data cover the period of 1974 to 2014. Methodology: The ARDL bound test revealed the existence of long-run relationship among the integrated variables when CO 2 chosen as a dependent variable. Results: The results support the existences of EKC hypotheses in the long-run whereas in the short-run an inverted U-shaped curve was not confirmed between GDP and CO 2 in Brunei. The results of Granger causality based on VECM analysis have shown unidirectional causality runs from economic growth to CO 2 in the short run. Further analysis through stability test indicates the coefficients in the model are stable and do not suffers with structural break within the time taken in the study. Hemed et al.; AJEBA, 10(4): 1-11, 2019; Article no.AJEBA.47816 2 Conclusion: The government of Brunei should proceed to target the sustainable means of production, which has an environmental friendly and consumes less energy to enhance economic growth and maintain environmental quality in the long run.
INTRODUCTION
In recent years, many countries around the world have started to focus on an alternative means of production as the drastic actions to reduce alarming rate of environmental degradation. Similarly, it is well known that the poor productive capacities of a nation and severe climatic change have been the results of higher level of CO 2 emission [1] . The emission of carbon dioxide gas has grown severely due to various human activities, related to the expansion of land utilization as well as the rapid use of fossil fuels as a source of energy. Since the constant supply of energy is needed among the heavy industries in order to maintain maximum production level, improve the human life and guarantee the strong economic growth among the nations [2] . Indeed, the rapid use of fossil fuel for production process has led the magnificent increases of CO 2 and other green house gases in the atmosphere. These emitted substances not only destroy the natural environment but also bring the negative impacts to human life that are considered to be among the world's greatest environmental threats [3] .
The economy of Brunei Darussalam mostly supported by the oil and gas industry which an account for 60 percent of Gross Domestic Product (GDP) and 90 per cent of the total exports in 2017 [4] . "Brunei Darussalam is the fourth-largest oil producer in South-East Asia and the ninth-largest exporter of liquefied natural gas (LNG) in the world" [5] . Nevertheless, the Brunei Darussalam implemented some key actions directed to reduce CO 2 emissions from fuel combustion that effectively begun in 2010. The overall amount of carbon dioxide emissions had increased from 63.2 percent in 2010 to 67.5 percent in 2014, while the Methane gas (CH4) had declined from 36.4 per cent in 2010 to 32.1percent in 2014 [6] . The CO 2 is the biggest contributor of Green House Gases (GHGs) in the country which come from the burning of fossil fuels that is widely used in the electricity generation (48.7 per cent) and end-use sectors. Methane gas also has been recorded to contribute significantly share to the total emission of GHGs, which generated from the irregular releases of gas from industrial activities and land transportation accounts for 12.6 percent and 34.5 percent respectively [6] . Moreover, the problem of increasing energy efficiency in Brunei led to implement strategies that reduce the excessive uses of energy consumption, ultimately lead to decline the economic growth associated with collapse of primary industries that depend mostly on combustion of fossil fuels like oil. Therefore, the investigation of the relationship between energy consumption, urban population, economic growth and CO 2 emissions is significant towards the implication of energy policies in Brunei.
LITERATURE REVIEW
We adopt the fundamental work of Simon Kuznets in 1955, whose study is undertaken to investigate the inverse relationship between environmental quality and economic growth [7] . Environmental Kuznets Curve (EKC) hypothesized that there is a positive relationship between per capita income and environmental degradation which is consistent up to the turning point, where the relationship overturned, that is to say, at the initially stage, the environmental quality tends to decline as the economic growth rises and eventually at the turning point it starts to improve with per capita [8] . The environmental Kuznets curve draw the conclusion to either support the existence of EKC hypotheses based on an inverted U-shaped or reject the hypotheses when results portrays N-shaped EKC curve. The first empirical study on EKC hypotheses was conducted by Grossman and Krueger in 1991 and 1995 [9] , in there an investigation employed specific random city model and observed an Inverted U-shaped curve between various indicators of environmental degradation (such as carbon dioxide emission) and GDP per capita.
Moreover, there are numerous empirical studies have been conducted to examine the linkages between carbon dioxide emissions, economic growth and other controlled variables using different econometric techniques to test the validity of EKC hypothesis and ended up with strong evidences to either support or not the existence of EKC hypothesis. Işık et al. [10] tested the EKC hypothesis for 10 USA states leading with the highest level of CO 2 emission. In their study, they employed panel estimation method using CO 2 as dependent variables and GDP, renewable energy, fossil energy and population as the independent variables between 1980 and 2015. Their results supported the EKC hypothesis for Michigan, Florida, Illinois, Ohio and New York. Manuel et al. [11] examined the existence of an inverted U-shaped of EKC curve in Singapore using ARDL based on time series data over the period of 1971 to 2011. The empirical results support the EKC hypothesis both in long run and short run phenomenon. Alabdulrazag and Alrajhi [12] examined the relationship between economic growth, CO 2 , energy consumption and population density using ARDL bounds test to cointegration and verify the validity of EKC hypothesis in KSA. Their results also support the existence of inverted u-shaped in both short and long run. In addition, [13] investigated the links between CO 2 , economic growth, energy consumption, urban population and trade openness in Pakistan, based on time series data between 1971 and 2010. Applying ARDL bound test to cointegration approach and VECM to verify the existence of EKC curve in long run and short run phenomena respectively.
Their results support the Environmental Kuznets curve (EKC) between CO 2 and economic growth in long run as well as short run. In addition to that, other studies revealed the similar results of supporting EKC hypotheses [14, 15, 16, 17] and [18] .
However, some other studies failed to admit the inverted U-shaped relationship with real-life data in fact their results do not support EKC. Işik et al. [19] examined the dynamic causal relationship between economic growth and Carbon dioxide emission from 1870 to 2014 using VECM and the robustness of causality approaches. In their study also intend to reveal the impact of tourism, financial development and international trade on CO 2 . The results indicate that however the tourism as a leading sector in the region but tends to contribute negatively to CO 2 emission in the long run. Pandey and Mishra [20] employed both dynamic and static framework to examine the causality between CO 2 emissions and economic growth using panel data cover the period between 1972 and 2010. Their results failed to support the EKC hypothesis in SAARC countries. However the results from VECM indicated the unidirectional granger causes from economic growth to carbon dioxide. linh Dinh Hong and Lin Shih-Mo [21] examined the dynamic relationship between carbon dioxide emission, economic growth, FDI and energy consumption between 1980 and 2010 using granger causality and cointegration approach to verify the existence of EKC in Vietnam. However their empirical results do not support EKC theory. Furthermore, [22] investigated the link between CO 2 and economic growth in West Africa. Using fixed effect model to time series data cover the period between 1970 and 2011. The results indicate the N-shaped relationship between CO 2 and economic growth which do not support the EKC theory in West Africa. Other previous studies failed to admit EKC hypothesis [23, 24] and [25] . With respect to related reviews, it have been clearly shown the contradiction in an existence of EKC hypotheses based on different techniques run from individual to cross sectional countries.
To the best of our knowledge, no study has conducted directly to examine the environmentgrowth nexus in the context of Brunei using ARDL framework, Bound Cointegration, Granger Causality test and Sensitivity Analysis.
METHODOLOGY
Refer to the pioneering work of many researchers [8] and [26] who applied the idea of EKC theory that explore the relationship between environmental degradation by means of polynomial equation of per capita income. The standard estimation model can be expressed as follows:
Where E represents as environmental degradation as a function of Income (Y), Income squared (Y 2 ), income cubic (Y 3 ) and a set of control variables (Z). In order to provide clear interpretation of the coefficients, all variables converted into logarithm forms and plug into an econometric model and therefore, the estimation model (1) will be:-
Where CO 2 represents environmental degradation as a proxy of carbon dioxide emission metrics tones per capita, Carbon dioxide has been used widely as explanatory variables [22, 27, 25] and [28] . Y as a GDP per capita, income squared (Y 2 ), income cubic (Y 3 ) are indicators of economic growth; and Z refers to others independent variables that may influence environmental pollution, ε stands as disturbance term, ln represents logarithmic form and t is a time series, represent the elasticity of Y, Y 2 , Y 3 and Z respectively. This study included urban population and energy consumption as control variables. The inclusion of income (Y) and its exponential values as the determinants of environmental degradation into estimation model, may lead the model to suffer with perfect multicollinearity [29] . In econometric theories, the presence of multicollinearity in the model leads to increase standard errors and further affects the hypothetical decision rules criterion. This circumstance has prompt researchers to test the possibility of presence of multicollinearity problem between income, income squares, income cubic and other control variables. Table 1 indicates the results of correlation matrix among the proposed variables which intend to be included in the estimation model. The results in the table below depict the perfect correlation (strong correlation) between income (InY), squared income (InY 2 ) and cubic Income (InY   3   ) , and hence the decision to include them as key variables in the estimation model can creates the multicollinearity problem. Therefore our estimated model will drop all highly correlated variables and remained the rest of other explanatory variables. Therefore, InCO 2 , InENC, InPOP and InY will be included in the model 2 and expressed as follow:
Hence, in order to avoid the inclusion of multicollinearity problem in the estimation model between income and its polynomial terms. Narayan and Narayan [30] suggested decision that help to compare the magnitude of elasticity of income with respect to CO 2 between long run and short run as an alternative technique used to support or not the existence of EKC curve in developing economies. Moreover, if the results indicate that the long run effects on income elasticity is lower than the short run effects, this depicts that over a given period of time CO 2 falls as the income rises after turning point which will support the existence of EKC Hypotheses. 
Data Sources

Estimation Methodology
Unit root test
Generally, the data collected from the large span of time period, the unit root problem would be possible to exist and without strictly careful, the results will be nonsense. In order to check the unit root problem in the data, the stationarity technique of time series should be applied such as "Augmented Dickey Fuller" (ADF) (1979) and Phillips-Perron (PP) (1989) based on the following regression equation.
Where Δy t indicates the first difference of y, u t represents the serial correlation errors and α, δ, β and γ are parameters of the estimated model. If this test shows significant value, "it means that the variable series is stationary and does not has a unit root, so the null hypothesis will be rejected, but if the ADF test is not significant, it means that the variable series is non-stationary and has a unit root" [31] .
Bound testing approach for cointegration
Bound testing approach for cointegration will be performed once after checking and confirming the stationarity of all variables that are integrated either in I(0) or I(1). This study employed 'Auto-Regressive Distributed Lag Model (ARDL) technique' to check the stability of a long run equilibrium relationship between CO 2 emission, economic growth, energy consumption and urban population. This technique is most powerful since it generates more accurate results particularly for the case of small sample size [13] .
The Autoregressive Distribute Lag model can be estimated by using a simple linear transformation technique to generate dynamic 'Unrestricted Error Correction Model (UECM)'. This model tends to present the short run dynamism and an equilibrium position in the long run phenomenon.
The following UECM is employed for equation 3 and expressed as follows
Where
, Ω, and show the short run relationship in the given equation respectively and the long run relationship among the coefficients variable is presenting by λ C , λ y , λ E , λ F and λ P . The null hypothesis of no co-integrated among the given variables is stated asH : λ = λ = λ = λ = 0, while alternative hypothesis of co-integrated is given as H : λ = λ = λ = λ ≠ 0.
Error correction model specification (ECM)
Once after confirming the existence of cointegration among the variables via bound test, the short and long run relation will be established by using VECM. It is possible to calculate the Error Correction Term (ECT) from the long-run equation by replacing the lagged level variables in the ARDL equation with ECT t-1 and estimate the model after impose the same optimal lags [12] . The VECM model can be written as follows;
The InCO 2 is a function of its lagged values, lagged values of other exogenous variable in the model and the lagged value of ECT. The ECT t-1 is the one lagged Error Correction Term indicates the co-integrating vectors and the speed of adjustments to equilibrium points presented by the coefficients of α s . The presence of ECTs term in the model reveals that any change in the dependent variable as a result of the disequilibrium in the long run relationship and the changes in the independent variables. A negative and significant value of ECTs measures how much the error term is corrected itself each time towards the point of equilibrium in the long run.
Granger causality
When the results of bound test supports the existence of long run relationship, there is an enough evidence to indicate that the underlying variables in Eq (3) are granger causes at least in one direction. Engle and Granger (1987) proposed that conducting the Granger causality test through Vector Auto Regressive (VAR) approach when long run relationship confirmed may provide inconsistent results in the presence of cointegration. Therefore, adding new variable such as the Error Correction Term (ECT) to the VAR model would be helpful to explore the long run relationship [12] and [7] .The direction of causality among the studying variables can be identify by the negative sign of one lagged coefficient through ECT of the long run relations. The granger causality test through the framework of VECM techniques is expressed in the following equation:
Where the (1-L) indicates lag operator, 'ECM t-1 is lagged error-correction term'; Therefore, the main advantage of this model is to capture the causal relationship among the co-integrated parameters and distinguish between short-run and long-run relations. The significance of the lagged error-correction term based on t-test(s) in the VECM, indicates the "long run" causal relationship, whereas the short run causal relationship is depicted through the significance of F-test of the lagged explanatory variables. After estimation of all equations, the next step is to perform diagnostic tests to validate the adequacy of the model. These diagnostic tests include serial correlation, normality distribution tests and Heteroscedasticity. The stability of the ECM performed using the Cumulative Sum (SUMUS) and cumulative sum squared (CUMUSQ) techniques to confirm graphically the stability of the variables estimated in the model [12] .
RESULTS ANALYSIS AND DISCUSSION
Results of Unit Root Test
The bounds test framework is applicable for the variables that are either integrated in I(0) or I(1). Therefore, the unit root tests were performed to determine the order of integration among the variables and avoid any spurious results. The "Augmented Dickey-Fuller (1979) (ADF)" and "Phillips-Peron (1988) (PP)" tests were performed to test the null hypotheses of unit root against the alternative hypotheses of stationarity. The results of unit root tests provided mixed results whereby some variables become stationary at I(0) and other at I(1). These results verify the adoption of ARDL model. The results of these tests are consistent with [28] .
Bounds Test Approach to Cointegration
The results of unit root test among the underlying variables indicate the application of the ARDL model to cointegration will give efficient and realistic estimates. The ARDL bounds test to cointegration investigate the possible existent of long run and short-run relationships among the underlying variables using the bound F-statistics in equation (5). Table (4) demonstrates the outcomes of 'ARDL bounds test to cointegration'. The results of this test confirm the existence of co-integrated equation among the underlying variables, where the value of F-test is greater than the upper boundary of critical value at 5 percent. Therefore, we reject the null hypothesis of no co-integrated among the studying variables when InCO 2 is dependent variables. Based on the results of cointegration using bound test, supports the estimation of VECM model of InCO 2 equation to determine the long and short run relationship.
Long-run estimation results
The coefficient of economic growth is negative and statistical significant at 5 percent level as shown in table 5 below. If 1 percent increases in the economic growth in the long run is predicted the CO 2 emission to decreases by 5.33 percent. This result is consistent with the findings of Khalid Ahmed and Wei Long [32] for Pakistan. The results also indicate one percent increases in the energy consumption holding other variables fixed the pollutants of CO 2 emission will increase by 1.531 per cent in the long run. The coefficient of population growth also has significant impact to reduce CO 2 emission to more than 6 percent in the long run.
Short-run Estimation
The results of the short-run relationship between carbon dioxide (CO 2 ), economic growth (GDP), energy consumption (ENC) and population (POP) in Brunei are depicted in table (6) . The lagged value of the Error Correction model has a negative and statistical significant at 5 percent level. The coefficient of economic growth is negative and statistical significant. This indicates that, economic growth in Brunei tend to improve the environmental quality in the short run. This implies that a 1 percent increases in economic growth will lead to reduce the level of CO 2 emission by 4.84 percent. The energy consumption has the positive effects on the amount of carbon dioxide emissions, this shows that a 1% increases in consumption of energy will increase CO 2 emission by 0.89 percent. The results of population found to be negative and significant at 5 percent level. This indicates that a percent rises in urban population is predicted to reduce emitted of CO 2 gases by 52.38 percent in Brunei when short run taken into consideration [13] .
Moreover, the estimation of long-run and shortrun as indicated in table 6 show that the negative elasticity of economic growth on CO 2 emission in the short-run fail to support the existence of EKC whiles the negative elasticity change in the long run tends to support the EKC hypotheses in Brunei. This result consistent with the study of [32] . Note: ** and * denotes significant at 1%, and 5% significance level, respectively. 
Stability Test and Sensitivity Analysis
The structural changes of macroeconomic policies in developing countries may likely to causes the multiple structural breaks among the macroeconomic series. Therefore, it is vital to verify the stability of long run and short run coefficients through 'the cumulative Sum (CUSUM)'and 'Cumulative Sum of Squares (CUSUMSQ)' techniques which proposed by [13] . These tests do not require the specification of date where the structural breaks occurs, only suggest that the parameters will be stable if the line passes within the bounds at 5 percent critical bounds. If the plot of these techniques passes outside the critical bound of 5 percent level of significance, reject the null hypothesis of not stable the regression coefficient and this implied that the coefficient in the ECM are not stable [33] . The findings in the Fig. 1 below indicate that the lines within the plots of 'CUSUM' and 'CUSUMSQ' test statistics pass within the critical bound of 5 percent, which confirmed that the movement inside the critical bounds at 5 percent level of significant for all coefficients are suggestive to be stable throughout the years covered in the study. Furthermore, the ARDL model regarded as the best fitted model as the difference between the true observation and predicted value is infinitesimal, therefore, the coefficients are stable and do not suffer the structural change over the given time in the study. 
Notes: the null hypothesis is that there is no Granger causality between variables, *, **, # denote significant level at 1% and 5% and insignificant respectively
VECM Granger Causality Analysis
The short-run co-integrated relations between CO 2 , economic growth, energy consumption and population have shown the existence of causal relationship among the underlying variables. The short run causality has shown that there is unidirectional significant causal relationship which runs from CO 2 to population. Similarly, there is also unidirectional causal relationship which runs from economic growth to carbon dioxide emission in the short run. The t-statistic of the ECT in the same table when carbon dioxide emission as a dependent variable reveals the existence of long run causal relationship which run from energy consumption, economic growth and population to CO 2 emission since the value of CO 2 emission is negative and statistical significance. There is no evidence of long runrelationships for DInENC; DInY and InPOP, since soon after has a positive but insignificant Error correction term, while the two later have failed to pass the bounds of cointegration equation. The tstatistics of the ECT in the same table reveals the existence of long-run causal relationship among the mentioned variables. It is obvious to say that there is a bidirectional long-run causal relationship (equilibrium is corrected) between CO 2 , InY, INPOP and InENC.
CONCLUSION
The short run and long run dynamic relationships between CO 2 , energy consumption, urban population and economic growth in Brunei have been examined in this study. It is one among the crucial topic that deserves a special attention, since in most cases the economic growth in developing economy is associated with the environmental degradation. This happened due to the fact that, most of the heavy industries and means of transportation depend on consumption of pollutant substances as sources of energy which contribute to the large extent the emission of CO 2 gases in the atmosphere. The stability of long and short run among the coefficients are undertaken using the cumulative Sum (CUSUM)'and 'Cumulative Sum of Squares (CUSUMSQ)' techniques for the purpose of examine whether or not the coefficient suffer with structural change over the given time. The results of this test revealed that there is no structural change among the studying variable and therefore the coefficients are stable. Furthermore, the empirical results of this study revealed that the existence of long-run relationship among the Co 2 , energy consumption, urban population and economic growth. The estimation of long-run and short-run show that the negative elasticity of economic growth on CO 2 emission in the short-run fail to support the existence of EKC whiles the negative elasticity change in the long run support the EKC hypotheses in Brunei. Moreover, the analysis of granger causality indicates that the growth rate of economy granger causes the emission of the CO 2 in the short-run. When carbon dioxide emission takes as a dependent variable the result reveals the existence of long run causal relationship which runs from energy consumption, economic growth and population to CO 2 emission. Therefore, the government of Brunei Darussalam should continue to target the sustainable means of production and transportation, apply the efficient technology of extracting renewable resources such as oil from the ground which is environmental friendly and consume less energy to mitigate the adverse impact of CO 2 and other green house gases in the country.
